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Curved Members 


Table 25.1 Displacement Factors for Curved-End Cantilevers 


Type 

Deflection 

End Load 
(Vertical) 

End Load 
(Horizontal) 

Quarter circle: 

Vertical 

k + 0.7854 

0.5A? 2 + k + 0.5 

Fig. 25.14a 

Horizontal 

0.5fc 2 + lb + 0.5 

0.3333& 3 + k 2 + k + 0.3562 

Half circle: 

Vertical 

4 k + 4.7124 

2 -k 2 

Fig. 25.14b 

Horizontal 

2- fc 2 

0.3333 k 3 + 1.5708 


When the external end load is applied at an arbitrary angle, the solution can 
be obtained by first resolving the end load into vertical and horizontal components 
and then by using the method of superposition. This general approach has been 
illustrated in practical terms in conjunction with Design Problem 25.1 and 25.3. 

Analytical treatment of complex shape members, involving straight and curved 
portions simultaneously, was discussed in some detail in the preceding section. This 
account will be limited to providing a working summary of the design formulas for 
the most frequently needed practical cases. Furthermore, since the estimate of the 
bending stress follows directly from the knowledge of the bending moment at a 
particular point, the design summary will include the dimensionless factors such 
as those shown in Table 25.1. The factors should be used in conjunction with 
Fig. 25.14, which describes the general condition of loading and support with the 
appropriate references to the vertical and horizontal directions. In general, then, 
the deflection can be defined as follows: 

Deflection = dimensional parameter X dimensionless factor 

Here the typical dimensional parameter consists of PR 3 /El or HR 3 /El, while the 
dimensionless quantity may be equal to one of the displacement factors listed in 
Table 25.1 [11, 144]. 

For instance, if the deflection X is required for a half-circle cantilever un¬ 
der a horizontal load H acting in the direction of X, the relevant formula is 
(H R 3 / EI)(0.3333k 3 + 1.5708). In all cases pertaining to Fig. 25.14 and Table 25.1, 
the loads are presumed to be applied at the free end. A specific application ex¬ 
ample, pertinent to Table 25.1, is given in Design Problem 25.4. Note that in this 
case the dimensional parameter is PR 3 /El, while all the dimensionless factors are 
functions of the length ratio k. Because of this feature, Table 25.1 is applicable to 
a variety of proportions of curved-end cantilevers. 


Design Problem 25.4 

A tubular support column made in the form of a curved-end cantilever carries a vertical 
load of P = 200 lb, as shown in Fig. 25.15. The material is structural steel with the 
modulus of elasticity E = 28 X 10 6 psi. The relevant dimensions are indicated in the 
figure. Assuming that the effect of tube flattening due to bending is ignored, calculate 
the amount of the displacement of the free end and the corresponding maximum bending 
stress. 



